Background. Altered vascular responses during exercise and disturbed responses to autonomic function testing have been documented in hypertrophic cardiomyopathy (HCM) and are associated with markers of an adverse prognosis. Reduced heart rate variability (HRV) and baroreflex sensitivity are predictors of increased risk of sudden death after myocardial infarction, but the value of these parameters in 11CM is unknown.
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Methods and Results. To determine the clinical significance of HRV and its relation to markers of electrical and hemodynamic instability in 1CM, the 24-hour Holter recordings of 104 patients in sinus rhythm and off medication were analyzed. Five nonspectral measures of HRV were computed. The frequency components of HRV were calculated by fast Fourier transformation of the RR time intervals; the areas under the low (0.04 to 0.15 Hz) and high (0.15 to 0.4 Hz) frequency portions of the spectrum were measured as indices of autonomic and specific vagal influences on HRV, respectively. Spectral and nonspectral measures were compared with clinical, echo/Doppler, and Holter variables. ANCOVA was performed to allow for the effect of age on differences between variables. Spectral and nonspectral measures of HRV were correlated (r>.65; Ps.001), indicating that the different time-domain and frequency parameters reflected similar measures of HRY. Global measures of HRV including the standard deviation of the mean of RR intervals (SDRR) and the standard deviation of 5-minute mean RR intervals (SDANN) were increased in patients with an adverse family history of 1CM (173±67 vs 131±38 milliseconds, P=.001, and 158±66 vs 116+36 milliseconds, P=.004, respectively). In patients with exertional chest pain, global nonspectral measures were reduced compared with asymptomatic patients (118±31 vs 152±53 milliseconds, P=.006, and 105±30 vs 136±52 milliseconds, P=.014, respectively).
Specific vagal influences on HRV including the proportion of RR intervals more than 50 milliseconds different (PNN5O) and the high frequency peak on spectral analysis were less in patients with supraventricular arrhythmias on Holter monitoring (7.2±8 vs 16±13%, P=.012, and 21±+10 vs 28±+13 milliseconds, P=.048, respectively). Similarly, both global and specific vagal measures of HRV were less in the 27 patients with nonsustained ventricular tachycardia on Holter (PNN5O, 7.7±9 vs 15±_13 milliseconds, P=.048, and high frequency component, 19±9 vs 28±+13 milliseconds, P=.05. During follow-up, 10 patients, 9 of whom were aged less than 33 years, experienced catastrophic events; 6 were resuscitated from ventricular fibrillation and 4 died suddenly. Indices of HRV were similar in these 10 patients to indices in the 94 survivors.
Conclusions. Time-domain and spectral measures of BRV yield similar information about the specific autonomic influences on the heart. Global and specific vagal influences on HRV were reduced in patients with symptoms and arrhythmias and global HRV is increased in patients with an adverse family history of HCM, but these indices do not add to All patients underwent continuous 48-hour ambulatory ECG monitoring using an established method. Holter tapes were analysed using the Marquette 8500 scanner running version 5.5 of the arrhythmia analysis software. Twenty-nine (28%) patients had episodes of supraventricular tachycardia defined as three or more consecutive narrow complex extrasystoles at a mean rate of greater than 120 beats per minute, and 27 (26%) had episodes of nonsustained ventricular tachycardia defined as three or more consecutive ventricular extrasystoles with a mean rate of greater than 120 beats per minute for less than 30 seconds.25 26 After arrhythmia analysis, the data file of the first 24 hours of the recording were reviewed and edited by a physician; the ECG templates were studied and relabeled as normal or abnormal as appropriate. A frequency histogram of the normal RR intervals was constructed and the ECGs representing the tails of the histogram displayed. Incorrectly labeled segments and sections with bradyarrhythmias and tachyarrhythmias (including ectopics) were removed before computing differences between successive normal RR intervals. The algorithm excludes postectopic segments by holding the previous normal coupling interval constant throughout the aberrant section.
Temporal Indices of Heart Rate Variability
In addition to mean of the RR intervals, five established measures of the differences between normal RR intervals were computed: the standard deviation from the mean of the normal RR intervals (SDRR), the standard deviation of 5-minute mean RR intervals (SDANN), the mean of 5-minute standard deviations of RR intervals (SD), the proportion of adjacent RR intervals more than 50 milliseconds different (PNN50), and the root-mean square of successive RR differences (RMSSD).14,17'27-30 The 
Indices of Heart Rate Variability
Spectral and nonspectral indices of RR variability decreased with age (Fig 2) . The correlations of temporal and spectral indices of HRV are shown in Table 3 . The correlation coefficients between the high frequency (vagal) components of the spectral analysis and the two time-domain indices of vagal activity to root-mean square of successive differences (RMSSD) and the proportion of adjacent RR intervals more than 50 milliseconds different (PNN5O) were >0.9, indicating that these measures provide similar information about the vagal influences on HRV and could be used interchangeably (Table 4) .
Association of Heart Rate Variability and Clinical Features
ClinicaL The age-corrected results of temporal and spectral analysis of heart rate periodicity in relation to clinical features are set out in Table 3 . The 26 patients with an adverse family history of HCM demonstrated greater RR variability with a higher standard deviation from the mean (SDRR) and standard deviation of 5-minute means (SDANN) than did those without a history of HCM and sudden death. The maximum, minimum, and average heart rates in these with an adverse family history were similar to those without. Specific assessment of vagal influences on RR variability were also similar in both groups.
The 32 patients with exertional chest pain were older than those without chest pain (43±15 vs 34±17 years, P=.012) and had a reduced percentage of maximal predicted oxygen consumption during treadmill exercise testing (68±21 vs 81±17%, P=.0001). The 5 temporal and 2 of the 3 spectral measures of RR variability were all significantly less in those with exertional chest pain ( Table 3 ). The ratio reflecting sympathovagal balance SDRR, standard deviation from the mean of RR intervals; SDANN, standard deviation from the 5-minute mean RR intervals; SD, mean of all 5-minute standard deviations; RMSSD, root-mean square of successive RR differences; PNN50, proportion of adjacent RR intervals more than 50 milliseconds different; Low (0.04-0.15 Hz), area under low frequency peak of spectral plot; High (0.15-0.4 Hz), area under high frequency peak of spectral plot; LF/HF ratio, area ratio of low frequency to high frequency on the spectral plot; FH x HCM/SD, family history of hypertrophic cardiomyopathy and sudden death; NYHA, New York Heart Association classification; SVT, supraventricular tachycardia; and VT, ventricular tachycardia.
sive method of assessing this balance of sympathetic and vagal inputs to the heart.'0-'5 Power spectral analysis of the instantaneous heart rate fluctuations demonstrates two discrete frequency bands with physiological origins in the activity of the sympathetic and parasympathetic nervous systems: a low frequency component (0.04 to 0.15 Hz) indicating predominantly sympathetic activity and a high frequency peak (0.15 to 0.4 Hz) indicating vagal activity.10"'1 Reduced parasympathetic activity and/or increased sympathetic activity in patients with ischemic heart disease and chronic heart failure are associated with an increased incidence of ventricular arrhythmias and sudden death. 6, [12] [13] [14] [15] 17 Sudden death is frequent in hypertrophic cardiomyopathy, but the mechanisms remain uncertain.18 '9,31,32 On the basis of retrospective studies, it seems probable that the triggers initiating sudden death are likely to differ in children and adult patients. In older patients, the finding of nonsustained ventricular tachycardia on Holter monitoring is a relatively sensitive and specific marker of increased risk25,26,33; in children and younger patients, however, arrhythmias are rare. Clinical features such as adverse family history and recurrent syncope are specific markers of increased risk but they are not present in the majority of younger patients who experience sudden death. 31 An adverse family history of HCM is established as a risk factor for sudden death in affected members with HCM.31,32 There was a strong association of increased global HRV with a family history of HCM and sudden death but not with the specific vagal components. This discrepancy was not due to any difference in the mean heart rate in the two groups and suggests that some other factor not directly related to autonomic neural activity influences HRV in these patients. Activity in thermoregulatory, baroreceptor and/or renin-angiotensin systems, all of which may influence global HRV,11 may be different in patients with an adverse family history of HCM, and it is possible that such differences may be genetically determined.
The association of symptoms of exertional chest pain and reduced heart rate period raises the possibility that these patients may have altered neural regulation of coronary artery tone. There is increasing evidence that coronary arterial flow reserve is reduced in some patients with HCM.34 Parasympathetic stimulation yields moderate coronary vasodilatation in humans; the finding of reduced vagal responses in the 32 patients with exertional chest pain suggests that diminished parasympathetic activity may be a potential mechanism for chest pain in these patients.
There Perhaps the most important finding of the present study is the lack of association of indices of HRV and the occurrence of sudden death in HCM. There are several potential mechanisms initiating sudden death in HCM including primary arrhythmias, hemodynamic events, and/or ischemia. All of these mechanisms are influenced by the behavior of the autonomic nervous system. It is likely that any or all of these factors may at any one time operate to trigger hemodynamic collapse, the outcome from which event, syncope or ventricular fibrillation, is dependent on the electrical stability of the underlying myocardium, which is also heavily influenced by the prevailing autonomic climate.
Of the 10 catastrophic events reported, 9 occurred in patients under the age of 33 years, and only one of the 10 patients had demonstrated ventricular arrhythmia on Holter before the event or after resuscitation. Of interest however, 7 of the 9 patients who underwent treadmill exercise testing demonstrated exercise hypotension. These results suggest that the primary trigger initiating sudden death is different in old and young patients. We speculate that in older patients, the association of nonsustained ventricular tachycardia on Holter and sudden death suggests that the primary initiating event is more likely an arrhythmia, and that in this group, reduced HRV may be of predictive value. In this series, however, there were too few catastrophic events among older patients to comment on the prognostic significance of altered HRV. In younger patients, however, we speculate that the primary initiating mechanism of death appears more often hemodynamic; the lack of association of indices of HRV with markers of hemodynamic instability therefore suggests that analysis of HRV is unlikely to yield prognostic information. Support for this conclusion comes from the comparison of the 10 patients with near-fatal events to a well-matched control group of survivors, where there was no difference in indices of HRV between the two groups or between all survivors.
The ratio of the low frequency area to the high frequency area has been reported as an index of overall sympathovagal balance in normal subjects. 38 
